Point-of-care ultrasonography, which is performed at the bedside by physicians who are not specialists in imaging, has become possible thanks to recent technological advances that have allowed for a device with greater portability while maintaining image quality. The increasing use of point-of-care ultrasonography in different specialties has made it possible to expand physical examinations, make timely decisions about the patients and allows the performance of safer medical procedures. In this review, three cases from our experience are presented that highlight the use of point-of-care ultrasonography by clinicians. Bedside ultrasonography is a convenient modality used in a clinical setting to aid in early diagnosis of several common conditions. It is suggested that a hybrid approach of physical examination and point-of-care ultrasonography in the everyday clinical practice is an inevitable change of paradigm that is improving quality of care in a variety of clinical settings.
INTRODUCTION
Traditional physical examinations, which have been performed practically unchanged over the past 200 years, 1 contribute only 10-20% to the final diagnostic process; 2,3 in addition, clinical signs are not always reliable. 4 In turn, particularly over the past 25 years, the increasing use of point-of-care ultrasonography (POCUS) has been observed. POCUS means the ultrasonography (US) performed at the bedside by physicians who are not specialists in imaging, aiming to answer simple 'yes' or 'no' binomial questions that allow the physical examination to be enhanced by new clinical information, and guid-ing several medical procedures to be performed in a safer way. 5 The increasing use of POCUS in various medical specialties is due to the growing need for immediate information that cannot be obtained using a traditional physical examination and the greater portability (currently, palmtop devices and applications that allow the use of smartphones to generate the image are available) and affordability of ultrasound devices. 6 Although there are recommendations based on published evidence for the use of POCUS, 7,8 and its use is already recognized by foreign societies anakarinexd@gmail.com pazelijr@hotmail.com (such as the Society of Critical Care Medicine and the American College of Emergency Physicians), in Brazil, its use is still restricted to a few physicians, particularly those who work in Intensive and/or Emergency Treatment Units. However, it is important to note that a careful clinical history analysis and thorough physical examination will remain the cornerstones of the diagnostic process; as with the stethoscope, reflex hammer and penlight, ultrasound is a tool that, by allowing a "look inside" the patient, should be used not to replace the physical examination but as an extension of it. 5 Three cases from our experience will be presented and discussed below that highlight how POCUS allows for safer clinical practice of better quality.
CASE REPORT 1:
A 46-year-old white female patient sought medical care due to lower limb edema, followed by edema around the eyes, which had started approximately two weeks prior. The patient also reported foamy urine and weight gain. Her previous pathological history was unremarkable and she denied the use of continued medication. In the "conventional" physical exam, periorbital edema and edema in the lower limbs up to the root of the thighs (with godet sign) were observed. Her weight was 75 kg (according to the patient, her "normal" weight is 61 kg), and she had a blood pressure of 146/84 mmHg, non-palpable kidneys and negative bilateral costovertebral angle tenderness. Cardiac-pulmonary auscultation was inexpressive. Abdominal distention, shifting dullness, and bulging flanks were absent. Proteinuria, which was checked with a urine dipstick test, was positive (4+).
Based on the clinical history and findings of the physical examination, particularly for the presence of proteinuria in the urine dipstick test, the diagnosis of nephrotic syndrome was made, and percutaneous renal biopsy was considered for etiological confirmation. However, while discussing the case, the following questions were raised, and POCUS was performed to answer them: 1. Given the considerable weight gain of the patient, is there fluid in the peritoneal cavity, pleural or pericardial space? 2. Do the kidneys have typical anatomical characteristics that could allow the histologic diagnosis of the underline glomerular disease?
Case Discussion
Regarding the first question, it is important to note that the use of POCUS in the identification of free intraperitoneal fluid (FIPF) has been recognized since the mid-1980s. 9 A study using cadavers as a model showed that US allows the physician to visualize up to 100 mL of FIPF. 10 However, the use of the US in the evaluation of FIPF gained considerable momentum from research performed on patients with abdominal trauma, leading to the Focused Assessment with Sonography in Trauma (FAST) protocol. In the upper right quadrant window of the FAST (which encompasses Morison pouch, the lower pole of the kidney and the space between the diaphragm and the liver), US can identify volumes of liquid on the order of 500-600 mL. 11 In the upper left quadrant and suprapubic windows, US has also been used by clinicians in the identification of ascites. The use of POCUS in the diagnosis of ascites was consolidated by the fact that the diagnosis based on the physical examination shows a sensitivity of only 70-80% in the presence of large volumes of FIPF. 12, 13 Technically, the search for ascites by POCUS is relatively easy and rapid using a low-frequency, high-wavelength probe (convex and/or cardiac). After adjusting for image gain and depth, the FIPF search can be initiated in the upper right quadrant window, followed by the upper left quadrant and suprapubic regions, with the patient in the supine position. In the patient presented above, free liquid (appearing as an anechoic image) was observed in the Morison ( Figure 1 ) and Douglas pouches, confirming the diagnosis of ascites, which was not identified in the physical examination. 
Marcus
In the thoracic cavity, there are two "enemies" of US: the air inside the lungs and the ribs. Both generate acoustic shadows, which would make it difficult to perform lung ultrasound. Thus, for several years, it was believed that US could not be used to assess pulmonary pathologies. However, in the past two and half decades, US of the lung has gained credibility and is currently one of the primary indications for POCUS, particularly in emergency and intensive care units. An important recommendation of lung US is in the diagnosis of pleural effusion, which is established by the replacement of the mirror image of the liver, an artifact generally observed above the diaphragm, by an anechoic image generated by pleural fluid accumulation. Additionally, pleural effusion can also be identified by the observation of vertebral bodies above the diaphragm, a finding usually not seen due to pulmonary interference, which results from the replacement of lung air by a liquid medium, which is a good conductor of sound. In the present case, pleural effusion was diagnosed examining the pulmonary base between the anterior and posterior axillary lines using a low-frequency convex probe.
Pericardial effusion is a noninflammatory complication of nephrotic syndrome; 14 its diagnosis based on a physical examination in mild and moderate cases is challenging. However, transthoracic echocardiography provides a rapid and reliable diagnosis of pericardial effusion and cardiac tamponade. 15 The diagnosis can be made through the four cardiac windows frequently used in POCUS, that is parasternal long and short axes, apical and subcostal, using low-frequency probes with small footprints. In the present case, a small pericardial effusion was diagnosed, with no hemodynamic repercussion.
Regarding the second question, if the kidneys presented common anatomical characteristics, POCUS may be fundamental, considering the great difficulty of obtaining renal access through a traditional physical examination. First, because of the decision to perform a renal biopsy, knowledge of whether the patient had both native kidneys was important. Second, since the patient did not present any documentation of previous renal function, it was essential to determine whether her kidneys had normal echotexture and size, as well as corticomedullary differentiation, characteristics that suggest kidneys with proper functionality. 16 These are important information and indicate that the renal tissue to be obtained is preserved enough to allow the histological diagnosis of the glomerular lesion causing the nephrotic syndrome. The POCUS allowed us to determine that the patient had two kidneys with characteristics of functional preservation, indicating that a renal biopsy was fundamental for characterizing the underlying glomerulonephritis.
CASE REPORT 2:
A 73-year-old black male patient was seen in the outpatient clinic for blood pressure control. He reported being hypertensive for approximately 26 years and was completely asymptomatic. He had a smoking history that began at 15 years of age (roughly a pack of cigarettes/day), denied having had any previous surgeries, and mentioned that the laboratory evaluation (blood and urine) performed about six months prior was normal. He reported being in regular use of the prescribed antihypertensive medication. During the physical examination, the patient was well oriented, in good general condition, afebrile and with blood pressure of 150/88 mmHg. Pulmonary examination revealed no abnormalities. In the cardiovascular evaluation, cardiac auscultation was interpreted as usual; however, the ankle-brachial index (ABI) showed values lower than 0.9 bilaterally. In the abdomen, inspection, palpation and percussion were inexpressive. The prostate examination was also normal.
However, because he was an elderly male patient with a long-standing history of smoking, hypertensive and with evidence of cardiovascular impairment Marcus (ABI <0.9), the following question was raised: "Is the patient's abdominal aorta normal?"
Abdominal US is the screening examination of choice for abdominal aortic aneurysm (AAA) because it is innocuous, can be done expeditiously and at the bedside, with the additional advantage of having high sensitivity of 95 to 100% and a specificity of nearly 100%. 17, 18 With the patient in the supine position, the abdominal aorta is scanned at the level of the iliac artery bifurcation with a convex or cardiac transducer (both low-frequency), since approximately 90% of AAAs occur inferiorly to the renal arteries. 19,20 For the identification of the aorta, the vertebral bodies, which are hyperechoic and generate the artifact acoustic shadow, are the anatomical landmark. The aorta is identified to the left of the midline, anterior to the vertebral bodies, whereas the inferior vena cava is seen to the right side. The diameter of the abdominal aorta should preferably be measured on the transverse axis from the outer anterior and posterior walls of the vessel. AAA is considered in adults when the aortic diameter is larger than 1.5 times its normal diameter or if the distal aorta exceeds 3 cm. It is always prudent to scan the aorta transversely and longitudinally and over its entire abdominal length.
Case Discussion
In patients such as the one presented, examination of the abdominal aorta should always be performed. A segmental dilatation of the aortic wall responsible for considerable morbidity and health care costs. 21,22 AAAs are relatively common and potentially fatal, 23 and constitute the 14th leading cause of death in the United States. 24 AAAs are usually asymptomatic until they expand or rupture. During the period of its expansion, the AAA can cause sudden, severe, and constant back, flank, abdominal, or groin pain. Eventually, these symptoms may be accompanied by episodes of syncope. Large aneurysms in thin people are easy to detect, however, the accuracy of the clinical examination is tremendously reduced by obese body habitus and small aneurysm size. 25 The occurrence of shock suggests parietal rupture of the AAA, a clinical condition with a high percentage of mortality.
In the patient under discussion, the POCUS allowed the assistant physician to identify an AAA of 6.39 cm in diameter ( Figure 2) . Considering that aneurysm size is one of the strongest predictors of the risk of rupture, that such risk increases markedly at aneurysm diameters greater than 5.5 cm, and that the diameter of the AAA diagnosed in our patient has an estimated annual rupture risk of 10% to 20%, 26 the patient was referred for follow-up with a vascular surgeon.
CASE REPORT 3:
A 25-year-old woman was admitted to the Emergency Unit with nausea and vomiting for 48 hours. The patient said she had had chronic kidney disease diagnosed for approximately 10 years. In the laboratory evaluation, a glomerular filtration rate of 7 mL/min/1.73 m 2 , a urea level of 310 mg/dL and a potassium level of 6.8 mg/L were observed. The attending physician requested a nephrological evaluation, and immediate hemodialysis treatment was indicated by the nephrologist. As the patient did not have an arteriovenous access previously placed for hemodialysis, the nephrologist decided on central venous access through the right internal jugular vein (IJV). The procedure was based on traditional landmark-based approach as routinely used, but was difficult to perform. After venipuncture, the patient began with dyspnea, and the diagnosis of pneumothorax was raised.
Case Discussion
Central venous access is a commonly performed procedure with multiple indications in clinical practice, especially in intensive care units. The traditional technique, based on anatomical landmark, is associated with a high risk of failure rates and complications rates as high as 30% and 18%, respectively, particularly in the needle insertion stage. 27 Some factors related to the operator's experience and others related to the patient (i.e., obese body habitus, coagulopathies and urgency of the procedure) justify this rate. [28] [29] [30] The use of US for venous access was first described in 1978, but only for the purpose of marking the skin overlying the IJV. 31 However, only in the mid-eighties the use of real-time US guidance for IJV cannulation was first described. 32 Therefore, since 2001, American and European societies have included bedside ultrasonography during vascular access as one of 11 practices with "strength of evidence for supporting more widespread implementation", 33, 34 and in 2008 ultrasonographic guidance for venous access was listed as a "core or primary emergency ultrasound application" by the American College of Emergency Physicians. 8 US-guided central vascular access is performed with the patient in the dorsal decubitus position and, in the case presented, the IJV (vessel preferably chosen in clinical situations similar to that of the patient described) is punctured with the head in a neutral position and the operator manipulates the high-frequency transducer ipsilateral next to the patient, from the head of the bed. The anatomical differentiation of the IJV and the carotid artery occurs through compression maneuvers, since the venous system is more compressible than the arterial system, and/or through the Valsalva maneuver when the venous system becomes engorged. It is worth noting that before performing the vessel puncture, it is important to verify its patency, i.e., the absence of venous thrombosis, an absolute contraindication to the procedure that might be present in patients who have had previous accesses in the same vessel. 35 An IJV access, in general, carries multiple potential complications, being pneumothorax one of the most serious and frequent. The initial diagnosis of pneumothorax is classically based on the chest X-ray, but this imaging modality exhibits a low sensitivity of 36% to 48% in some studies. 36 The sensitivity of lung POCUS in detecting pneumothorax dramatically exceeds that of an X-ray, 37 with a sensitivity close to that of computed tomography. [38] [39] [40] With the advantage that it can be carried out repeatedly, US also allows the follow-up of the expansion of the pneumothorax by monitoring the point at which the lung touches the thoracic wall (lung point) and, thus, assists in the decision-making process of thoracic drainage before complete pulmonary collapse occurs. An additional advantage is the unnecessary transfer of the patient to the imaging department, which sometimes is impossible.
In the search for pneumothorax using bedside ultrasonography, low-frequency and high-wavelength probes (convex or cardiac) can be used, although the high-frequency linear transducer is most suitable because it provides images of higher-resolution of the more superficial structures.
The examination should begin with the patient in a supine position, with the transducer' marker facing the patient's head and positioned longitudinally over the third or fourth intercostal space in the mid-clavicular line. The parietal and visceral pleura are identi-fied as a hyperechoic line found at the inferior border of the space between the two ribs, sliding one under the other, a sign called lung (or pleural) sliding. The pleural interface should be scanned in at least three different intercostal spaces, concentrating the examination at the most superior and anterior portion of the chest.
The presence of lung sliding excludes the diagnosis of pneumothorax. However, its absence, although sensitive, is not specific for pneumothorax. Since lung sliding represents movement between the two pleurae, other clinical conditions, such as contralateral selective endobronchial intubation, previous pleurodesis, severe pneumonia and acute respiratory distress syndrome, may be associated with its absence. 41, 42 In situations where lung sliding is difficult to discern, the M-mode (movement mode) of US can be used. In M-mode, data referring to a single vertical slice (appears as a vertical line at the first press of the M-mode button) are displayed as a function of time. In M-mode, structures that are typically "still" (from the skin to the pleura) appear as parallel horizontal lines (or "barcode") above the pleura, and the moving lung is viewed as a granular appearance below the pleura (or "beach sand"), as shown in Figure 4 . In the occurrence of pneumothorax, as the lung is "still", the M-mode image appears as a barcode above and below the pleural line ( Figure 3 ). 41, 43 It is important to note that lung US also allows the diagnosis of hemothorax, another complication associated with central venous catheterization, which, unlike pneumothorax, should be investigated at the base of the lung. In addition, POCUS allows the determination of whether the tip of the catheter (particularly double-lumen rigid catheters frequently used in hemodialysis accesses) is correctly positioned at any point in the superior vena cava instead of the right atrium, where it can cause perforation of the cardiac chamber. For this purpose, an injection of saline bolus or previously formed micro-bubbles (by mixing 10 mL of serum with 1 mL of air) can be used to determine the position of the tip of the catheter. 40 In the case under discussion, POCUS of the lung was performed. The absence of pleural (lung) sliding and "barcode" patterns above and below the pleural line in the M-mode observed allowed the diagnosis of pneumothorax due to accidental catheterization of the right IJV.
FINAL COMMENTS
The practice of medicine is based on the diagnosis and treatment of medical conditions. The three clinical scenarios presented exemplify the importance of incorporating disruptive technologies such as PO-CUS into medical practice, which can enable the clinician to extend his physical examination, obtain immediate answers to simple questions at the bedside and perform medical procedures that are safer for both the patient and the physician. The current trend is for POCUS to be definitively incorporated into all medical specialties. As is already the case in several medical schools in North America and Europe, and a few in Brazil (ours included), the teaching of US is being incorporated in undergraduate medical education. However, for POCUS to be definitively utilized in everyday medical practice, barriers to its implementation must be supplanted and medical education has to be changed, as proposed by Solomon and Saldana: 44 "A generation of physicians will need to be trained to view this technology as an extension of their senses, just as many generations have viewed the stethoscope. That development will require the medical education community to embrace and incorporate the technology throughout the curriculum." 
